This study describes the serosurveillance of peste des petits ruminants (PPR) in sheep and goats that was carried out between 2003 and 2009 using serum samples from animals suspected of PPR that were submitted to the Rinderpest and Allied Disease Laboratory (Division of Virology of the Indian Veterinary Research Institute [IVRI]). A total of 2,197 serum samples from sheep and 2,687 from goats were screened for PPR virus (PPRV) antibody using a monoclonal antibody-based competitive enzyme-linked immunosorbent assay developed at IVRI. Screening of the 4,884 serum samples showed that the prevalence of PPRV antibody in sheep and goats was 41.01% (95% confidence interval [CI]: 31.86 to 50.16) and 46.11% (95% CI: 37.18 to 55.04), respectively, with an overall prevalence of 43.56% (95% CI: 36.78 to 50.34) during the period. This indicates increased and widespread infection with the virus in India compared with earlier reports, which is attributed to the variations in sheep and goat husbandry practices in different regions, the agro-climatic conditions, the topography of different states, the socio-economic status of individual farmers and the migration of livestock in India.
Introduction
Peste des petits ruminants (PPR) is an acute, highly contagious, notifiable and economically important transboundary viral disease of goats and sheep, which is listed by the World Organisation for Animal Health (OIE). The mortality usually ranges from 50% to 90%, although it sometimes can be zero, and morbidity varies from 10% to 100%, or sometimes lower than 10%, depending on circumstances (2) . The disease is considered to be one of the main constraints to improving the productivity of small ruminants in enzootic countries (14) . The causative agent, PPR virus (PPRV), belongs to the Morbillivirus genus of the Paramyxoviridae family. It affects sheep and goats primarily, and occasionally infects wildlife. The disease is characterised clinically by severe pyrexia, oculonasal discharge, necrotising and erosive stomatitis, enteritis and pneumonia (10, 18, 31) . Although PPRV has a single serotype, it is grouped genetically into four lineages (I, II, III and IV) on the basis of partial sequence analysis of the fusion (F) gene. Lineages I to III circulate in Africa and lineage IV in Asia (6, 22) . Peste des petits ruminants was first reported in Côte d'Ivoire in West Africa (10) , and later in other parts of the world, namely sub-Saharan Africa, the Arabian Peninsula, the Middle East and the Indian subcontinent (22) . In recent years, the disease has also been reported from China (34) and Morocco (35) , which raises the threat of its introduction into Europe.
In India, PPR was first recorded in 1987 from Arasur village, in the Villupuram district of Tamil Nadu (21) , and it continued to be present in the southern peninsula until 1994. Later, a number of PPR outbreaks were reported from the northern states of India (13, 16) , with a solitary report in Indian buffalo in a southern state (11) . Peste des petits ruminants is enzootic in India, and outbreaks occur in small ruminants, such as sheep and goats, regularly throughout the country (13, 24) . It is a major constraint on small ruminant production (24) , causing great economic losses because of morbidity, mortality, and losses of productivity due to trade restrictions. Economic losses due to PPR have been estimated to be 1,800 million INR (US$39 million) annually (23, 33) .
Small ruminants are important livestock species, both numerically and economically, in developing countries such as India. The world population of sheep and goats is approximately 2.1 billion, of which India has about 78 million sheep and 140 million goats (5). In India, small ruminants make important contributions to the lives of small, marginal and landless rural farmers and allow them to sustain their livelihood by providing meat, fibre, milk, skin and manure (20) . The husbandry of small ruminants also generates self-employment, raises income, improves household nutrition and plays an important role in sustainable agriculture and generation of employment (3, 12) . The proportion of sheep to goats and the population density vary greatly under different agro-climatic conditions.
Information on the prevalence of antibodies to PPRV in small ruminants and other species is available from a number of countries in which the disease is reported, including the Sultanate of Oman, Jordan, Sudan, Turkey and various African countries (1, 8, 17, 30) . Only a few reports have described systematic study of the pattern of PPRV infection and its seroprevalence in small ruminants in India (19, 24) . The prevalence of PPRV antibodies in sheep and goats indicates subclinical or inapparent or nonlethal clinical infection, which may be of epidemiological significance. Efficient and sensitive diagnostic tests are a great help in rapidly providing evidence that PPRV is not circulating in a free-ranging population. Data on the molecular epidemiology and sero-epidemiology of the disease play an important role in effective disease management. A monoclonal antibody (MAb)-based competitive enzyme-linked immunosorbent assay (c-ELISA) and a sandwich ELISA, for detection of PPRV antibody and antigen respectively, were developed at the Indian Veterinary Research Institute (IVRI), Mukteswar (25, 26) . These are the tests currently employed for serosurveillance and seromonitoring of the clinical prevalence of PPR throughout India.
In view of the economic importance of the disease and the dense sheep and goat population in the region, the authors undertook the present study with the objectives of generating baseline data on the prevalence of PPR in India between 2003 and 2009, and of investigating the seroepidemiology of the disease using serum samples from sheep and goats suspected of the disease. Table I . All the clinical samples were stored at −20°C upon receipt from the field and were used for further analysis when required.
Materials and methods

Clinical samples
Competitive enzyme-linked immunosorbent assay
A PPR c-ELISA kit (26) developed at IVRI was used for detection of antibodies against PPRV, which were measured in terms of percentage inhibition (PI). The serum samples were tested according to the protocol described by Singh et al. (26) . Samples with PI of ≥50% were considered positive for the presence of PPRV antibodies.
Statistical analysis
The estimation of apparent prevalence with 95% confidence intervals (CI) and the chi-squared test ( 2 ) were carried out using the data obtained in the study (27) . The apparent prevalence and true prevalence were also estimated from the following formula (32) The true prevalence was calculated on the basis of the sensitivity and specificity of the c-ELISA employed in the study, which has high relative specificity (98.4%) and sensitivity (92.4%) when compared with the virus neutralisation assay (26) . Further, seroprevalence rates were depicted on the regional map of India using the EpiInfo™ software-2000 designed by the Centers for Disease Control and Prevention in the United States.
Results and discussion
Peste des petits ruminants has great potential to cause high economic losses to the livestock industry in Africa, the Middle East and Asia. For the effective control and eradication of PPR, strong support of diagnostics and timely vaccination of the susceptible population, based on an understanding of the epidemiology of the disease, are imperative. Eradication of the disease depends on rapid and accurate diagnosis of infection and the implementation of prompt control measures. Peste des petits ruminants played a role in the control of rinderpest, and might also have helped to eradicate the disease, because seroconversion of cattle with cross-reacting PPRV antibodies is possible where small and large ruminants coexist (31) . In India, owing to inadequate animal disease reporting and surveillance systems, several PPR outbreaks have not been recorded properly. Measurement of the prevalence of antibodies to PPRV in different geographical areas of the country with varying agro-climatic conditions may be helpful in developing disease control strategies. Organised serological surveys of the nationwide prevalence of PPR in India have rarely been conducted. The majority of reports have described only regional data, with only a few exceptions (19, 24) . A small number of reports published since 1994, from various states of India, have generally indicated that most positive animals have migrated from neighbouring states (29) .
The present investigation provided preliminary data on PPRV infection in India between 2003 and 2009 in sheep and goats suspected of the disease. Based on the screening of the 4,884 serum samples, the apparent seroprevalence was 41% and 46% in sheep and goats, respectively, with an overall prevalence of 43.56% (Table I) . A higher seroprevalence was observed in goats than in sheep in this study. This may be because the samples were collected from suspected cases of PPR, although there was no significant difference observed in the prevalence of clinical disease between sheep and goats. Soundararajan et al. (28) reported a higher mortality in infected goats than in sheep. That study was conducted on a large intensive farm that was probably suffering an outbreak, a situation similar to that of the field samples received from animals suspected In most previous reports, goats were affected more severely with the disease than sheep. Sheep might have greater innate resistance to clinical development of the disease than goats; this assumption is supported by observations in several outbreaks of PPR in India, as reported previously (24) . It is also possible that the virus selectively infects goats rather than sheep when both the natural hosts are reared contiguously. However, the sheep-adapted virus shows equal severity in sheep in areas of intensive husbandry where only sheep are available for infection (24) . In India, sheep and goats are reared mostly by nomads and are maintained in a free-range pattern or grazing on pasture. They receive minimal veterinary care, Rev. sci. tech. Off. int. Epiz., 30 (3) 892 which may increase the chance of the animals acquiring infection. When the lean period starts these animals migrate in search of pasture and are also transported for trade purposes (24) .
The prevalence values reported here are in concordance with reports from other countries. In Africa, PPRV antibodies were reported in 55% of Nigerian sheep and goats (15) , and in 46.5% of sheep and goats from Cameroon (8) . Studies of the seroprevalence of PPR in sheep and goats have also been reported from Sudan, Saudi Arabia and Ethiopia (1, 17) . In a recent study from Tanzania, significantly more seropositive individuals were found among goats than among sheep (49.5% versus 39.8%; p = 0.02), with an overall seroprevalence of 45.8% reported (30) . Variations in seroprevalence could be due to differences in sample size, age, prevailing management practices, humidity or season (24) . The susceptibility of a host to infection with PPRV varies with the breed of the animal, which also plays an important role in the epidemiology of PPR (7, 9, 14) . In this study, the susceptibility of different sheep and goat breeds could not be assessed as no proper breed information was supplied.
Serum samples screened for PPRV antibody and their percentage seropositivity, with the prevalence, are presented for each state in Table I and by year in Table II (Table II) . This finding may be related to the increase in the incidence of the disease from 1995 onwards (16); the disease is now enzootic in northern India, as reported previously (24) . However, the extensive application of live attenuated PPR vaccines in the field and the supply of diagnostic kits to field laboratories in different states within the country (23) have led to a change in the disease pattern in the recent past. This has been demonstrated by a decrease in the number of outbreaks in the field and a decrease in the number of samples received for diagnosis at the Rinderpest and Allied Disease Laboratory (23) .
No statistically significant differences among the various states of India in the prevalence of PPR antibodies in sheep and goats were observed. The 95% CI for the seroprevalence in sheep and goats in all the states combined was 23.65-58.37 and 29.39-62.83, respectively. The seroprevalence was low in the state of Himachal Pradesh, in both sheep and goats, which agrees with previous reports (24) . This may be due to the topology of the region, which causes restricted movement of animals, with reduced transmission of the virus between animals. Sheep in Maharashtra and goats in Rajasthan showed a high seroprevalence of PPR. The overall prevalence was highest in Maharashtra (58.86%), followed by Jammu and Kashmir (50.30%) and Rajasthan (45.99%), when compared with other states of India on the basis of the number of samples received for analysis. The regional difference in the prevalence of antibodies is based on the relative populations of sheep and goats. A relatively high proportion (70-80%) of goats means that the population is at risk of infection, particularly in the northern parts of the country, as reported earlier (24) . Few serum samples were received for serodiagnosis from Andhra Pradesh, Tripura, Assam, Haryana and West Bengal, which suggests a lower prevalence of PPR than in other states, even though all the samples submitted from these states were positive for PPRV antibodies. A prevalence of PPRV antibodies ranging between 0% and 2.1% was reported previously for the north-eastern Indian states of Assam and Meghalaya (24) . These states are geographically isolated and have a relatively small population of sheep and goats. However, transboundary migration of animals must be monitored for proper management of disease, especially in the border states of India.
The implementation of a national PPR control programme would probably change the epidemiology of PPR in India 34) . Ces résultats indiquent que l'intensité et l'extension de l'infection virale ont fortement augmenté en Inde depuis les précédents rapports, ce que les auteurs attribuent aux modifications des pratiques de l'élevage ovin et caprin dans les différentes régions, aux variations des conditions agro-climatiques, à la diversité de la topographie selon les états, à la situation socio-économique dans laquelle se trouvent les éleveurs et aux déplacements de bétail en Inde.
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